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(57) Abstract 



'ia 

The skin surface of a patient may be irradiated with the microwaves of a frequency of 250 to 353 MHz (i.e., a wavelength 
of about 85 to 120cm.). A conductive metal housing (10) having an open bottom and closed walls on all other sides overlies the 
skin surface. The interior of the housing carries a pair of opposed slabs (14) of material having a dielectric constant of more than 
(4) and defining a space therebetween. The microwaves are radiated from a microwave antenna (18) projecting into said space 
(16) through a wall in the housing, with the antenna being generally parallel to the open bottom. The slabs are of sumcient thik- 
kness to provide generally uniform electric and magnetic field intensities throughout the space. During operation, air is blown 
into the space through an aperture (24) in a wall of the housing to cool the skin with the air passing out of the open bottom. 
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EXTERNAL MICROWAVE APPLICATOR 
AND METHOD 

TECHNICAL FIELD 
The microwave treatment of cancer is a growing clini- 
5 cal alternative to X-ray treatment and chemotherapy. Bas- 
ically, the microwaves heat the tissue. Malignant tumors 
have been found to be often more sensitive to heat than nor- 
mal tissues, so the careful application of microwaves can 
destroy the malignant tumors while the normal tissue survives. 
10 In Kantor U.S. Patent No. 4,108,147, a microwave ap- 

plicator is disclosed. It comprises an open -bottom container 
having a pair of opposed Teflon slabs spaced from each other. 
The microwaves are propogated in the space between the slabs 
for treatment of skin exposed to the open bottom of the ap- 
15 plicator. 

Various disadvantages of this design of applicator 
exist. First, the applicator is designed for use with dia- 
thermy radiation of about 2.45 GHz. A disadvantage of this 
is that such radiation only penetrates a relatively small 
20 distance into the tissue, typically less than 2 cm. Further- 
more, superficial burns on the skin are a continuous problem 
with a structure like this, since the microwave absorption 
is concentrated near the skin surface. 

Also, microwave applicators have been utilized at 915 
25 MHz among other frequencies, but with apparent effective 
penetration of only 1 or 2. cm. into the muscle because of 
the inherent lack of penetration capability of microwaves 
at that frequency (Lehmann et al : Evaluation of a Therapeu - 
tic Direct-Contact 915-MHz Microwave Applicator for Effec - . 
30 tive Deep-Tissue Heating in Humans . IIEE Trans Microwave 
Theory Tech; 26(8): 556-563 (1978). 

In accordance with this invention, a microwave ap- 
plicator is provided for irradiating the skin surface of a 
patient, but with substantially increased effective penetra- 
ns tion of 5 to 6 cm. At the same time, the danger of skin 

burns can be greatly reduced with the method and apparatus 
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of this invention, with the apparatus being inexpensive and 
compact for ease of clinical use, 

DISCLOSURE OF THE INVENTION 
In accordance with this invention, the skin surface 
5 of a patient may be irradiated with microwaves of a frequency 
of 250 to 353 MHz (which is equivalent to a wavelength of 
about 85 to 120 cm.). Preferably from 270 to 330 MHz may 
be used. 

A conductive metal housing is overlaid in spaced re- 
10 lation over the skin surface to be treated. The conductive 
metal housing has an open bottom and closed walls on all 
other sides, with the interior of the housing carrying a pair 
of opposed slabs of material having a dielectric constant of 
more than 4 and preferably about 6, and defining a space 
15 therebetween. 

Microwaves are radiated from a microwave antenna pro- 
jecting through a wall of the housing into the space, the 
antenna being in generally parallel relation to the open 
mouth . 

20 The slabs are of sufficient thickness to provide gen- 

erally uniform electric and magnetic field intensities 
throughout the space. 

Simultaneously, air is blown into the space through 
an aperture in a wall of the housing to cool the skin, as 

25 the air passes out of the open mouth and across the skin. 

It has been found that the microwave frequency of 270 
to 330 MHz provides unique advantages for microwave treat- 
ment, particularly because of the increased capability of 
microwave radiation of this frequency to effectively pene- 

30 trate tissue to approximately 5 or 6 cm. Accordingly, a 

large area of the lung, for example, can be irradiated with 
the apparatus of this invention for the treatment of lung 
cancer, even though* the microwave applicator device remains 
out of direct contact with the body. 

35 In the prior art it would have often been impractical 

to utilize microwaves at this frequency. For example, re- 

( OMPI 
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f erring to the previously cited patent No. 4,108,147, a uni- 
form field could not realistically be provided to microwaves 
of the frequency of this invention x*ith the Teflon slabs 
utilized therein, without the Teflon slabs being impracti- 
5 cably thick so as to create problems of bulk, expense, and 
weight. Accordingly, the opposed slabs of dielectric ma- 
terial utilized in this invention have a dielectric constant 
of more than 4 to reduce its necessary thickness to provide 
a uniformly propagated field in the space between the re- 
10 spective slabs. Preferably, the dielectric constant of the 
slabs are 6 or more, and the slabs are made of a cellular 
material such as a foam for a very substantial weight reduc- 
tion. 

It is also desirable for the aperture through which 
15 air is blown to contain screening of conductive metal wire. 
The effect of this is to essentially eliminate microwave 
leakage through the aperture. 

Accordingly, the microwave applicator of this inven- 
tion may be compact and lightweight, yet at ' the same time 
providing microwaves of a frequency of 270 to 330 MHz for 
deep penetration into tissues. Simultaneously, the air inlet 
system provides a constant stream, of air across the irradi- 
ated skin, tending to reduce the danger of burning of the 
skin during microwave treatment. 
25 Preferably, the opposed slabs of dielectric material 

described above have a thickness s, with the dielectric con- 
stant E being more than 4, as stated above. With the wave- 
length X of the radiation used herein being preferably 90 
to 110 cm., the relation of the specific values for X, s, 
and E are preferably essentially: 

s/ E - 1 = A / 4 

Furthermore, the distance between the slabs is pref- 
erably not more than X cot" 1 [tan (tt y=ry ] so that a uni- 

* -T /ilj/ E-l) 

35 microwave field can be propagated throughout the entire space 
between the slabs. 

It is also preferable for the width of the slabs 
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be no more than one-half of the specific wavelength of micro- 
waves used. 

Antenna aperture means are also preferably provided 
to permit insertion of the microwave antenna into a space in 
5 a position generally parallel to the open bottom. Typically 
the antenna aperture is defined in a side wall that is not 
associated with one of the dielectric slabs. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Referring to the drawings , Figure 1 is an elevational 
10 view, with portions broken away, of the external microwave 
applicator or waveguide of this invention. 

Figure 2 is a sectional view taken along line 2-2 of 
Figure 1. 

DESCRIPTION OF SPECIFIC EMBODIMENT 
15 Referring to the drawings , the microwave applicator 

waveguide of this invention comprises a conductive metal, 
hollow, rectangular housing. 10 defining side walls 12 and 
an open bottom, as shown. 

In the interior of housing 10, opposed slabs of di- 
20 electric material 14 are provided, preferably having a thick- 
ness governed by the equation recited above. 

The material of slabs 14 may be a dielectric foam hav- 
ing a dielectric constant of 6, sold under the trademark 
ECOFOAM by Emerson & Cumings, Inc. of Canton, Massachusetts. 
25 This lightweight, flexible material provides the de- 

sired dielectric characteristics so that a uniform microwave 
field may be produced without the use of ungainly and exces- 
sive thicknesses of dielectric materials. 

Alternatively, other materials such as ceramic blocks 
30 and especially ceramic foams having the requisite dielectric 
constant may be utilized for slabs 14, if desired. 

As shown, slabs 14 of dielectric material define a 
space 16, in which space a generally uniform field of micro- 
waves may be propagated. Specifically, slabs 14 may be 
35 11.2 cm. thick, for a wavelength of 102 cm. 

f OMPI 
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Microwave antenna 18, of any known and desired de- 
sign, passes through aperture 20 in one of side walls 12, 
being retained by a dielectric sleeve 22. 

Aperture 24 in top wall 13 is provided, being pref- 
5 erably occluded by a copper wire screening or mesh of suf- 
ficiently small aperture size so that microwaves are not 
propagated through the aperture in any significant quanti- 
ties. 

Air hose 26 may be attached to nut 28, or with any 
10 other retention structure as desired, so that cold air may 
pass into space 16, 

In operation, microwave applicator or waveguide 10 
is brought into close proximity with the skin 30 of a patient, 
leaving a small rectangular gap 32 of 1 cm. or the like be- 
15 tween the patient's skin 30 and waveguide 10. Microwaves, 

preferably of a wavelength of essentially 100 cm. , are propa- 
gated from antenna 18 with the configuration of waveguide 10 
being proportioned in accordance with the equations described 
above to cause the generation of an essentially uniform mi- 
20 crowave field through space 16. Microwaves 34 as shown in 
Figure 1 are propagated in their uniform field, being modu- 
lated by dielectric slabs 14 and reflected by the walls 12, 
13 of housing 10, to penetrate approximately 5 or 6 cm. 
through the skin 30 and into the underlying tissue 36 of the 
25 patient. Thus, deep tumors may be irradiated from the skin 
surface of the patient, utilizing the preferred wavelength 
and frequency of microwaves, with the structure of waveguide 
as disclosed herein. 

Simultaneously, cooling air passes through aperture 
24 into space 16, from there passing in a stream along the 
skin 30 and out gap 32, thus removing heat from the skin 
during the microwave irradiation operation. The amount of 
cooling can, of course, be adjusted by the amount of air 
passing into the space 16 through aperture 24. 
35 By way of' example, the distance between slabs 14 may 

be about 20 cm. if desired while the width H of slabs 14 
may be 20 cm. If desired, these latter two dimensions maybe 



30 



WO 81/03617 



PCT/US81/00810 



6 

adjusted over a substantial range to control the area of the 
patient which is irradiated, so that the applicator of this 
invention may be used by appropriate assembly and adjustment, 
to provide irradiation to the exact area dictated by the 
5 specific therapeutic need of the patient. 

The above has been offered for illustrative purposes 
only, and is not intended to limit the invention of this ap- 
plication, which is as defined in the claims below. 
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THAT WHICH IS CLAIMED IS : 

1. The method of irradiating the skin surface of a 
patient with microwaves of a frequency of 250 to 353 MHz 
for treating tumors, which comprises: 

5 overlaying, in spaced relation, the skin surface to 

be treated with a conductive metal housing having an open 
bottom and having closed walls on all other sides , the in- 
terior of said housing carrying a pair of opposed slabs of 
dielectric material having a dielectric constant of more than 

10 4 and defining a space therebetween; radiating microwaves 
from a microwave antenna projecting through a wall of said 
housing into said space, said antenna being generally para- 
lel to said open mouth, said slabs being of sufficient thick- 
ness to provide generally uniform electric and magnetic 

15 field intensities throughout said space; and simultaneously 
blowing air into said space through an aperture in a wall 
of said housing to cool the skin, 

2. The method of Claim 1 in which said aperture con- 
tains screening of conductive metal wire to essentially 

20 eliminate microwave leakage therethrough. 

3. The method of Claim 2 in which said aperture is 
positioned in the top wall of said housing. 

4. A waveguide for controlling and rendering gener- 
ally uniform a microwave field of a wavelength \ for direct 

25 skin application tumor therapy, said waveguide comprising 

a conductive metal housing having an open bottom and having 
closed walls on all other sides, the interior of said hous- 
ing carrying a pair of opposed slabs of dielectric material 
having a thickness s, a dielectric constant E of more than 

30 4, and defining a space therebetween, the relationship of 
the specific values for X, s, and E being essentially: 

s/E - 1 - X/ 4 

the distance between said slabs being no more than 

OMPJ 
WiPO 
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v -1 

- cot x [tan (X )] ; 

7 E-1) 

and the width of said slabs being no more than one- 
half of the specific wavelength used; 

blow aperture means in a wall of said housing to per- 
mit the blowing of air into said space, and antenna aper- 
ture means in a wall thereof to permit insertion of a micro- 
wave antenna into said space in a position generally paral- 
lel to said open bottom. 



10 



5. The waveguide of Claim 4 in which said housing 
defines a rectangular box* 

6. The waveguide of Claim 4 in which said blow aper- 
ture is covered with conductive metal screening to essen- 

15 tially eliminate microwave leakage through said microwave 
aperture. 

7 . The waveguide of Claim 4 in which E is at least 
6, and said slabs are made of a cellular material. 



8* The waveguide of Claim 4 in which X is essentially 
20 85 to 120 cm. 

9. The waveguide of Claim 4 in which said wavelength 
is essentially 100 cm. 

10. A waveguide for controlling and rendering gen- 
erally uniform a microwave field of a wave length X of 85 

25 to 120 cm. for direct skin application tumor therapy, said 
waveguide comprising a conductive metal housing having an 
open bottom and having closed walls on all other sides, 
the interior of said housing carrying a pair of opposed 
slabs of material having a thickness s, a dielectric con- 

30 stant E of more than 4, and defining a space therebetween, 
said conductive metal housing defining a rectangular box, 
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the relationship of the specific values for X, s, and E be- 
ing essentially: 

s/E - 1 = X, 
7 4 

5 the distance between said slabs being no more than 

X/ cot" 1 [tan (injr )1 

* (2 'E-l) 

and the width of said slabs being no more than one-half of 
10 the specific wavelength used; 

blow aperture means in a wall of said housing to per- 
mit the blowing of air into said space to cool the skin 
during operation, said blow aperture being covered with con- 
ductive metal screening to essentially eliminate microwave 
15 leakage through said microwave aperture, and antenna aper- 
ture means in a wall of said housing to permit insertion of 
a microwave antenna into said space in a position generally 
parallel to said open bottom. 

11. The waveguide of Claim 10 in which E is 6,0, s 
20 is 11.2 cm., and X is 102 cm. 



12. The waveguide of Claim 10 in which said slabs of 
material comprise a foamed plastic material having a di- 
electric constant of at least about 6. 
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